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ABSTRACT 
Author: Joseph Anthony Musco 
Title: Investigation of the Effects of Geometry on 
the Efficiency of the Double Lap Joint of 
Unidirectional Fiberglass Composites 
Institution: Embry-Riddle Aeronautical University 
Degree: Master of Science in Aerospace Engineering 
Year: 1991 
The fracture toughness in shear mode (Mode II) has been 
studied for double lap adhesive joints where geometry of 
the joint is the major parameter. A unidirectional 
fiberglass - epoxy system was selected for experimental 
tests and theoretical analysis. Both rectangular and 
elliptical planform geometries were investigated. In order 
to evaluate the results, the adhesion area of the two 
geometries was purposely made identical. Through computer 
analysis, the effects on the stress concentration factor as 
a function of geometry was investigated. Then, using 
testing and fracture mechanics techniques, calibration 
factors for Mode II loading of the two geometries were 
obtained. The analysis of the results was performed by 
modeling the damage growth at the crack tip as a self 
similar crack extension through compliance matching 
procedure. The crack growth resistance at instability and 
the corresponding critical strain energy release rate are 
independent of initial crack length in the range of crack 
length investigated. The critical strain energy release 
rate in Mode II is roughly six times higher for the 
elliptical geometry than for the rectangular. 
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CHAPTER 1 
INTRODUCTION 
Composite materials and adhesive structural joints are 
being used by many industries at an increasing rate. 
Adhesive bonded lap joints are often used for bonding 
composites to metals or composites to composites. However, 
even with excellent adhesion, the bonded joint represents a 
discontinuity in the material causing high stresses which 
may result in joint failure. Therefore, the joint must be 
carefully analyzed. The primary function of a joint is to 
transfer load from one structural member to another. In 
most bonded joints (and the one this paper considers) the 
load transfer takes place through interfacial shear. The 
interfacial shear gives rise to interlaminar stresses in 
the adhesive layer. Because of the high stress 
concentration in the adhesive layer, high stresses are 
produced in the adjacent plies of the adherend laminates. 
Therefore, failure may initiate in these plies. 
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Although the stresses in these adhesive joints can become 
large, they are considerably less than in bolted or riveted 
joints. This, along with their high strength and stiffness 
to weight ratios, high fatigue resistance, and good damping 
qualities make the adhesive joint very attractive. 
There is an increasing confidence in composites, so much so 
that some major companies are beginning to use composites 
as primary load carrying members. One area of concern in 
the composite/adhesive joint is the existence of a flaw in 
the adhesive joint. Inspection methods are such that 
minute fractures can now be detected before the part goes 
into service. However, after a part is in service it may 
be difficult to detect a flaw. In order to better justify 
the use of composites, one must be able to analytically 
determine the effects a flaw in the adhesive will have on 
the structural integrity of the part in question and how 
the flaw will grow. One must also be able to predict what 
the reduced service life will be. 
Aerospace structures have benefitted by the development of 
advanced composite materials since they can carry high 
stresses. On the other hand, there is a great challenge in 
fabricating structures made from composites which are 
anisotropic. The stress concentration factor at a 
mechanical joint in anisotropic materials subjected to 
tensile loading may be as much as three times that for 
3 
isotropic materials under the same loading. Therefore, in 
order to achieve high performance from a composite 
structure, it is imperative that the use of mechanical 
joints be minimized and adhesive joints be developed and 
optimized. 
The adhesive joint performance depends on many factors. 
Some of these factors are surface preparation of adherend, 
shrinkage of adhesive during the cure cycle, type of 
adhesive used, thermal effects, interfacial effects between 
adherend and adhesive, thickness of the glue line, 
effective lap of the joint, thickness of the adherend, 
environmental effects, and type of joint [1-5]. 
Double lap adhesive joint performance is affected by such 
parameters as the effective lap length to thickness ratio 
of adherend, lap length vs fracture toughness, and 
adhesion and fracture effects. These parameters have been 
reported on extensively [6-11]• The effect of geometry on 
fracture toughness has also been reported [12]. However, it 
seems that very little has been done in the area of 
geometrical configuration of the bond. 
The work of A. S. Carrara and F. J. McGarry [13] indicates 
that an aspect ratio A/B of two yields the lowest 
interfacial shear stress concentration. This result was 
used to design the ellipsoid specimens used in this project 
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(Figure 3). The rectangular specimen is illustrated in 
Figure 2. 
One of the objectives of this project was to show through 
finite element computer analysis that geometrically 
different bonded joints with equal surface area will have 
different stress concentration factors. An elliptical 
double lap adhesive joint was compared with a rectangular 
double lap adhesive joint, both with bond surface area 
equal to 1012.9 mm2. The elliptical double lap joint was 
found to have a lower stress concentration. 
A second objective was to experimentally determine the 
fracture toughness of elliptical double lap adhesive joints 
compared to rectangular double lap joints, again of equal 
surface area. This required that the relationship among 
KJJ, specimen geometry, and loading be determined. 
Furthermore, experimental procedures needed to be developed 
for measuring the pure Mode II critical stress intensity 
factor, KiiR(inS)« From this, Gllc (strain energy 
release rate) can be determined. A compliance matching 
procedure was developed to determine KnR(i n s)* 
CHAPTER 2 
FINITE ELEMENT MODEL ANALYSIS 
Two finite element models were used to mathematically 
represent the rectangular specimen and the elliptical 
specimen. The rectangular double lap joint specimen and 
the elliptical double lap joint specimen both were modeled 
using the Unigraphics II computer system at McDonnell 
Douglas Helicopter Company (MDHC) [14]. Appendixes A and B 
illustrate the finite element models used. From the data 
contained in these appendixes, one can identify the normal 
and shear stresses at the center of critical elements of 
the individual models. For both models, the predicted 
regions of high stress concentration were modeled with much 
finer grids than areas of "non-importance"- This reduced 
computer time and output. QUAD4 elements were used 
whenever possible, minimizing the use of CTRIA3 elements. 
The moduli of elasticity used in the models were equal to 
the moduli obtained during the E11# E22 experimental 
tests. These were E1X = 41860 MPa and E22 = 6715 
MPa. Poisson's ratio used was 0.27. 
Once the models were complete using UG II, the rectangular 
5 
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joint model was converted to the CGSA (Computer Graphics 
Structural Analysis) [16] program and the elliptical joint 
model was converted to PATRAN [17]. 
The rectangular double lap joint has unique modeling 
characteristics inherent in its geometry in that it is 
symmetric about two axes. This was taken advantage of in 
this model. The result was a two dimensional infinitely 
small section cut through the longitudinal and lateral axep 
(Appendix A)• Symmetric boundary conditions were used to 
represent the symmetry along the lateral axis reducing the 
amount of computer time considerably. 
A tension load of one pound was applied to the center of 
one end of the model, fixing the other end for translation 
only since no bending was induced. This represents the 
test set-up used in the lab. The results of the analysis 
revealed much higher stresses in the area of the adhesive 
bond (Appendix A)• 
For the elliptical double lap joint model, the geometry of 
the joint was not as easy to deal with as the rectangular 
joint. A two dimensional model was not sufficient to 
adequately represent the load distribution through the 
joint. A three dimensional model was constructed, again 
using Unigraphics II, but this time the model was converted 
to PATRAN [17] to perform the structural analysis. PATRAN 
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is a structural analysis program designed to analyze three 
dimensional models. Appendix B illustrates the model 
analyzed. Again, the regions in which high stress 
concentrations were predicted were modeled with fine grid 
spacing, and those areas which were felt to be of little 
consequence were modeled with grids having wider spacing to 
save computer time. The elliptical model has two axes of 
symmetry as did the rectangular, and this was taken 
advantage of to reduce computer time. 
The load case was identical to that of the rectangular 
model, namely, applying a unit load at one end and fixing 
the other end in translation. 
The result of the finite element investigation was that the 
elliptical double lap joint exhibited stress concentration 
factors at the joint adherend interface which were 
approximately three times lower than those of the 
rectangular double lap joint. Therefore, if the elliptical 
joint has a lower stress concentration factor at the 
adhesive joint than the rectangular adhesive joint, simply 
because of its inherent geometry, it may be concluded that 
the fracture toughness would also be better for the 
elliptical joint than for the rectangular joint. The rest 
of this project is devoted to determining the difference in 
fracture toughness of the elliptical versus the rectangular 
joint. 
CHAPTER 3 
FABRICATION OF COUPONS 
The type of layup required for experimental substantiation 
was a fiberglass unidirectional laminate twenty plies 
thick. It was felt that eight square feet would be 
required for the manufacture of all the coupons required. 
The material used for the experimental portion was obtained 
from MDHC. This material was no longer useful per company 
specifications due to shelf life expiration. However, for 
the purposes of these tests, the material was deemed 
satisfactory. The material was purchased from HYSOL 
Aerospace Products, Dexter Adhesives & Structural Materials 
Division. The material was coded HC 9106-2 UNITAPE LOT 
9109 per HYSOL specifications. 
The laminates were fabricated at the MDHC Materials and 
Processing Laboratory using all the company requirements 
for fabricating composite parts, such as environmentally 
controlled rooms, proper tools, smocks and gloves for 
material handling, etc. The Lab is equipped with a Jewett 
freezer to store material during down time and a Baron 
8 
9 
Autoclave Corporation Model BAC-36 autoclave with 
BAC-36multipoint recorder for curing the panels. 
Since the panel requirement was eight square feet and the 
unitape roll was 305 mm wide, four 610 mm x 305 mm panels 
were fabricated. Much care was taken to assure proper 
adhesion of the plies to each other by using a squeegee. 
After all four panels were layed up, they were vacuum 
bagged by MDHC personnel and cured at 350 degrees 
Fahrenheit and 0.27 psi pressure as shown in Figure 14. 
Once all of the panels were made, the coupons were cut at 
Embry-Riddle Aeronautical University (ERAU) in the 
Materials Lab on the Prescott campus. The physical 
requirements for the coupons were that they be 25.4 mm 
wide, approximately 150 mm long, that half of them form a 
rectangular double lap joint, and that the other half form 
an elliptical double lap joint. Therefore, three detail 
coupons were necessary to make one test specimen (Figures 
2 and 3). 
First, using a water cooled diamond cutter, approximately 
25 mm were cut from the perimeter of the panels to 
eliminate any edge effects. Then the panels were cut to 
form the necessary number of 150 mm by 25.4 mm coupons. 
Next, half of these had to be shaped elliptical at one 
end. A template was used to lightly scribe a line on the 
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coupon. The coupons were rough cut at first, then sanded 
to shape. Care was taken not to heat up the coupons while 
sanding. Spacers were also required so that the jaws of 
the testing machine could apply pressure to the double side 
of the specimen and not destroy the part. The spacers were 
cut at this time. All of the coupons were cleaned using 
acetone and then air dried and maintained at 70 degrees F 
until bonding could take place. The final dimensions for 
the elliptical specimen are shown in Figure 3. Some of the 
critical dimensions are: shear span S = 50.a mm, width W* = 
19.8 mm, and thickness t = 3.81 mm. The rectangular 
specimen dimensions are shown in Figure 2 with shear span S 
= 39.88 mm, width W = 25.4 mm and thickness t = 3.81 mm. 
The adhesion area for both specimens was 1012.9 sq mm. 
The coupons were then sanded using fine grit abrasive paper 
at the area to be bonded and then wiped with acetone. In 
the meantime, the epoxy adhesive was mixed. The epoxy 
resin used was A, Safe-T-Poxy and cured by the hardener B, 
Safe-T-Poxy using a ratio of 100:44 resin to hardener. 
The coupons were then bonded to form the required lap 
joints. The spacers were also bonded at this time. The 
bonding was done at 70 deg F for five days. Bond pressure 
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on all coupons was held constant by using spring clamps 
which were manufactured with springs having the same spring 
constants. This kept the bond thickness constant. Care 
was taken to apply the pressure as evenly as possible on 
each specimen. 
After the coupons were fully cured, the representative 
cracks were cut in the adhesive layer as shown in Figures 2 
and 3. Three crack lengths (2mm, 5mm and 8mm) were used 
for both the rectangular specimens and elliptical 
specimens. Three specimens of each crack length were cut. 
The cracks were cut using a thin stainless steel blade 
cutting along the longitudinal axis. Care was taken to cut 
parallel to the bond line and not to cut into either of the 
fiberglass adherend. A total of twenty-one specimens were 
made. 
A 3.81 mm by 25.4 mm standoff needed to be bonded to the 
coupons approximately 5mm from the lip on both sides of the 
specimen. These standoffs served to keep the extensometer 
aligned parallel to the loading axis. They were bonded 
after the coupon was cured. The cure time for the 
standoffs was 24 hours at room temperature (see Figures 2 
and 3). The coupons were now ready for testing. 
CHAPTER 4 
EXPERIMENTAL PROCEDURE 
Fracture toughness tests were conducted on the specimens 
using a universal testing machine at Embry-Riddle 
Aeronautical University as shown by the photographs in 
Figure 4. The specimens were placed firmly in the jaws of 
the testing machine, assuring that the part was not skewed. 
A tensile load was then applied and increased at a slow, 
repeatable rate until failure occured. Tensile load vs. 
elongation was automatically plotted. Plots of tensile 
load versus crack displacement are shown in Figure 5 for 
the elliptical double lap joint and in Figure 6 for the 
rectangular double lap joint. The compliance curves taken 
from the lower, linear portion of these curves are plotted 
versus a/S in Figures 7 and 8. Nondimensional compliance 
curves were then plotted (Figures 9 and 10), using E* 
obtained from Eq. 3. The calibration factor YJJ for the 
elliptical and rectangular specimens needed for the stress 
intensity factor KJJ was obtained from Eq. 2. These 
curves are shown in Figures 11 and 12. 
Tensile tests were also conducted to determine E11# 
12 
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E22, and /12 and Y21. The load - elongation curves 
for these tests are shown in Figures 17 and 18. A simple 
tension test was conducted to determine E11# pulling 
parallel to the unidirectional fibers. For the E22 test 
however, 25.4 mm x 150 mm specimens were cut perpendicular 
to the fiber direction. This allowed the same test set-up 
as the E X 1 test, but for E22, the pulling action was 
perpendicular to the fibers. 
CHAPTER 5 
ANALYSIS PROCEDURE 
A double lap shear joint having elliptical and rectangular 
geometries as shown in Figures 2 and 3 was analyzed with 
the shear area of the adhesion layer being held constant 
(1012.9 mm), as discussed previously. The specimens were 
loaded in tension, which resulted in a shear load, F, at 
the joints equal to half of the applied tension load, P. 
The analysis approach used requires that a compliance 
measurement (C) covering the entire range of crack length 
be used in the fracture toughness tests. Then, an 
empirical relation between the non-dimensionalized 
compliance (C0) and the a/S ratio is obtained by a curve 
fitting method. This empirical relation allows the 
calculation of the calibration factor (YJJ) for different 
values of a/S. This curve is then used to determine the 
stress intensity factor KXI. 
The stress intensity factor KXI, at the crack tip is 
calculated using equation (1), 
14 
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*II = -bYIlA" (1) 
where 'b = p/Ag (the maximum shear stress), a is the 
crack length, As is the surface area of the lap joint, P 
is the shear force, Y1Z is calibration factor (which is 
dependent on the dimensionless ratio a/S, where S is the 
shear span length as shown in Figures 2 and 3). The factor 
YIZ is obtained using the following equation (2). 
d(E* tW) 
YII = \/(°'57 \ d(a/s) / (2) 
a/S 
=
 a l l / a 2 2 + 2 ( a 1 2 > + a 6 6 
E* 2 \/ a x l 2 < a n > <3> 
where 
a l l = i / ^ l a 22= 1 / E 2 2 a 12= - >"l2 / E l l 
a 6 6 = 1/G 
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and where 
EX]= 41860 MPa 
E22= 6715 MPa 
r12= .27 
G = E22/2 
Using equation (3), E* = 20381 N/mm2 
YII' tnen» i-s determined by taking the slope of the 
nondimensional compliance curve at several arbitrary points 
and using the corresponding a/S ratio [15]. This is 
repeated until enough points are gathered to fit an 
accurate curve. The calibration factor YJJ used in the 
analysis for the elliptical planform geometry is given by 
equation (4), and YXI for the rectangular planform 
geometry is given by equation (5) (see also Tables 6 and 
7): 
YII elliptical= *38 " -28(a/S) + 16.43(a/S)2 
- 97.29(a/S)3 + 206.83(a/S)4 (4) 
Yll rectangular = •« - .87(a/s) - 8.76(a/S)2 
+ 72.26(a/S)3 - 141.74(a/S)4 (5) 
17 
These curves are shown in Figures 11 and 12. 
KIX can now be calculated using equation (1). The 
results are shown on Tables 8 and 9 and graphed on Figures 
13 and 14. 
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CRACK GROWTH AND RESISTANCE CURVE 
Inspection of the rectangular planform load versus 
displacement curves (Fig. 6), reveals that the curves are 
linear for initial loading, but tend to deviate from 
linearity at approximately 50-60 percent of the failure 
load. In the case of the elliptical planform specimens 
(Fig. 5), they tend to deviate from linearity at 
approximately 70-75 percent of the failure load. This 
indicates that there are two different types of failure 
mechanisms for the two specimens. Although not shown by the 
referenced figures, the peak load dropped sharply once the 
crack propagation reached the point where it failed the 
adhesive joint. This indicates a brittle failure. 
Since the referenced curves are linear initially, this 
indicates that crack propagation started off slowly and 
then proceeded rapidly at instability. Upon inspection of 
the fractured surface, it is observed that the crack 
propagated through the adhesive layer. 
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Table 1. Crack Growth Resistance at Instability in Mode II 
(a) Elliptical Planform 
Initial crack length (mm) Kll(ins) 
(GPa yj mm) 
2 .050 
5 .050 
(a) Rectangular Planform 
Initial crack length (mm) Kli(ins) 
(GPa yj mm) 
2 .020 
5 .019 
8 .019 
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Table 2. critical strain Energy Release Rates in Mode II 
(a) Elliptical Planform 
Initial crack length (mm) Gllc 
(N - mm/mm2) 
2 1.22 
5 1.22 
(a) Rectangular Planform 
Initial crack length (mm) 6iic 
(N - mm/mm2) 
2 .19 
5 .19 
8 .19 
'lie ellipt
 = 1 > 2 2 = 6. 42 
GIIc rect .19 
CHAPTER 6 
RESULTS AND CONCLUSIONS 
The crack growth resistance curves for different initial 
crack lengths are shown in Figures 13 and 14. 
Notice how there is an improvement in the fracture 
toughness of the elliptical planform geometry over the 
rectangular geometry. That is to say, the stress intensity 
factors (Kllc) for the elliptical geometry are higher 
than for the rectangular. There may be three reasons for 
this. First, the effective lap length of the elliptical 
specimen is 50.8 mm versus 39.8 mm for the rectangular 
specimen, thereby reducing the stress and allowing the 
transfer of a higher load; hence, there is a higher 
toughness. Second, the stress concentration at the tip is 
lower for the elliptical geometry than for the rectangular 
geometry, as was determined by the computer finite element 
models discussed earlier and illustrated in Appendix A and 
B. Third, the surface area of the shear crack starting 
from the tip of the elliptical specimen per unit crack 
length is much less than is the rectangular specimen due to 
the inherent shape of the particular specimen. 
21 
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The critical strain energy release rate G l l c can be 
calculated using the equation 
GIIc = KIIR(INS) ( 6 ) 
The values of G l l c for both the elliptical and 
rectangular adhesive joint specimens are given in Table 2. 
It is observed that the strain energy release rate is 
independent of initial crack length in Mode II. It is also 
observed that the strain energy release rate for the 
elliptical joint is approximately six times as high as the 
rectangular adhesive joint. Figure 15 shows the plot of 
6 l l c vs a/S for the two geometries. It is observed that 
6 I I C is constant for different values of a/S. It is also 
observed that there is a slight variation of G j l c vs a/S 
for rectangular geometry but which is within experimental 
bounds [19]. 
KII(ins) w a s f o u n d t o b e constant for the elliptical 
specimens and nearly so for the rectangular specimens 
(Table 1)• The adhesive joint was shown to be notch 
sensitive by the reduced load capacity as the initial crack 
length increased (Figures 5 and 6)• The lower stress 
concentration in the elliptical joint seemed to contribute 
to the higher toughness of the double lap joint. The 
present work supports previous work [12,18] done by this 
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author,s thesis advisor on aluminum specimens. Further 
work needs to be done on other types of composites, such as 
graphite fiber which is so widely used in the aerospace 
industry due to its high performance qualities. 
CHAPTER 7 
RECOMMENDATIONS 
In producing the test specimens, there was one major step 
that could have been performed differently. This was the 
cutting of the various cracks in the adhesive bonds. The 
method used in this project was to use a thin stainless 
steel blade and, holding the specimen vertically in a vice, 
sawing the crack in the adhesive by hand (on both sides of 
the joint) until the required length was obtained. The 
cracks tended to wave slightly into the adherend. Worse 
yet, the cuts tended to leave some slivers of adhesive 
attached to the adherend. This most probably affected the 
results of the investigation by causing the specimen to 
fail at a higher load than it would have had the adhesive 
been totally removed. This was most evident in the 
elliptical 12mm crack specimens. After the pull test was 
conducted, an inspection of the failure revealed that a 
large portion of the adhesive was still attached to the 
adherend. The failure load was higher than that for the 5 
mm crack. These specimens were scrapped from the test for 
this reason and unfortunately, due to the limited time 
constraint of this investigation, no new specimens could be 
fabricated.
 nA 
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It is recommended that for the next investigation, some 
sort of Teflon tape be used in the adhesive bond to 
simulate the crack and then somehow removed after the 
specimen is cured, or that some machining method be used to 
cut the crack. 
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Figure 1. Photograph Illustrating Elliptical and Rectangular Planform Speci 
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Figure 4. Photographs Illustrating Testing Machine and Specimen Being Tested 
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Figure 7. Compliance Curve in Mode II - Elliptical Planform 
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Table 3. Curve Fit Solution For C0 - Elliptical 
*************************************************************** 
Eureka: The Solver, Version 1.0 
Tuesday February 26, 1991, 11:37 am. 
Name of input file: A:\ERAU Co Ellipt 
*************************************************************** 
F(X):= A+B*X+C*XA2+D*XA3+E*X*4 
F(.03)=.7 
F(.ll)=.9 
F(.16)=1.2 
F(.13)=l 
F(.145)=l.l 
F(.06)=.748 
$ SUBSTLEVEL = 0 
*************************************************************** 
Solution 
Variables Values 
A = .62065202 
B = 4.0109873 
C = -62.127087 
D - 594.12567 
E = -1380.3838 
Maximum error is .0031752884 
*************************************************************** 
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Table 4. Curve Fit Solution For C - Rectangular 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
Eureka: The Solver , Version 1.0 
Tuesday February 26, 1991, 11:41 am. 
Name of input f i l e : A:\ERAU. Co Rect 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
F(X):= A+B*X+C*XA2+D*XA3+E*XA4 
F(.04)=.375 
F(.06)=.4 
F(.09)=.45 
F(.13)=.525 
F(.160)=.6 
F(.20)=.7 
F(.24)=.81 
F(.3)=.95 
$ SUBSTLEVEL = 0 
*************************************************************** 
Solution 
Variables Values 
A = .33174804 
B = .95297575 
C = 2.0939116 
D • 25.110772 
E = -65.929434 
Maximum error is .0025254925 
*************************************************************** 
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Table 5. Yyj Curve Generation 
Yxx CALIBRATION CURVE GENERATION 
ELLIPTICAL & RECTANGULAR PLANFORM 
EQUATION OF NONDIMENSIONAL ELLIPTICAL COMPLIANCE CURVE 
F = .62065202 • 4.0109873*(a/S) - 62.127087*(a/S)A2 • 594.12567*(a/S)A3 - 1380.3838*(a/S)A4 
F' = 4.0109873 - 124.254174*(a/S) • 1782.37701*(a/S)A2 - 5521*(a/S)A3 
EQUATION OF NONDIMENSIONAL RECTANGULAR COMPLIANCE CURVE 
F = .33174804 • .95297575*(a/S) • 2.0939116*(a/S)A2 • 25.110772*(a/S)A3 - 65.929434*(a/S)A4 
F' - .95297557 • 4.1878232*(a/S) * 75.332316*(a/S)A2 - 263.7177*(a/S)A3 
(a/S) 
0.04 
0.06 
0.08 
0.1 
C.12 
0.14 
0.16 
:.18 
0.2 
0.22 
0.24 
0.26 
0.28 
0.3 
0.32 
F' (ELLIPT) 
1.539245 
1.779642 
2.650840 
3.887804 
5.225502 
6.398899 
7.142962 
7.192657 
6.282951 
4.148809 
0.525198 
-4.85291 
•12.2505 
-21.9327 
-34.1646 
F' (RECT) 
1.224142 
1.418478 
1.635104 
1.861363 
2.084595 
2.292143 
2.471347 
2.609549 
2.694091 
2.712314 
2.651561 
2.499172 
2.242488 
1.868853 
1.365606 
Yll (ELLIPT) 
4.386406 
3.851019 
4.070350 
4.408970 
4.666146 
4.780503 
4.724590 
Y n (RECT) 
3.438117 
3.196780 
3.050707 
2.947170 
2.861157 
2.779021 
2.692349 
2.595231 
2.482811 
2.350337 
2.192281 
2.001110 
1.764866 
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Figure 11. YII Calibration Factor Curve in Mode II - Elliptical 
40 
3.5 
2.5 
O 
en 
en 
1.5 
0.5 
Yn CALIBRATION 
rectangular planform 
0.05 0.1 0.15 0.2 0.25 0.3 0.35 
a/S 
:igure 12. Yll Calibration Factor Curve in Mode II - Rectangular 
41 
Table 6. Curve Fit Solution For YJJ - Elliptical 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
Eureka: The S o l v e r , Vers ion 1.0 
Tuesday February 2 6 , 1991, 11:44 am. 
Name of i n p u t f i l e : A:\ERAU. YTT - Ell ipt 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
F(X):= A+B*X+C*XA2+D*X*3+E*XA4 
F ( . 0 4 ) = . 3 8 7 
F ( . 0 6 ) = . 4 
F ( . 0 9 ) = . 4 2 5 
F ( . 1 3 ) = . 4 6 5 
F ( . 1 6 0 ) = . 4 8 7 5 
F ( . 2 0 ) = . 5 3 
F ( . 0 2 ) = . 3 7 6 
$ SUBSTLEVEL = 0 
*************************************************************** 
Solution 
Variables Values 
A = .37638310 
B = -.28277334 
C = 16.433575 
D = -97.289687 
E = 206.82726 
Maximum error is .0023235287 
*************************************************************** 
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Table 7. Curve Fit Solution For YJX - Rectangular 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
Eureka: The S o l v e r , V e r s i o n 1.0 
Tuesday February 2 6 , 1991 , 11:47 am. 
Name of i n p u t f i l e : A:\ERAU. ytf - Rect 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
F(X):= A+B*X+C*XA2+D*XA3+E*XA4 
F ( . 0 4 ) = . 3 7 6 
F ( . 0 6 ) = . 3 5 
F ( . 0 9 ) = . 3 1 5 
F ( . 1 3 ) = . 2 7 8 
F ( . 1 6 0 ) = . 2 6 
F ( . 2 0 ) = . 2 4 8 
F ( . 2 6 ) = . 2 2 5 
$ SUBSTLEVEL = 0 
*************************************************************** 
Solution 
Variables Values 
A = .42019832 
B = -.86591470 
C = -8.7623872 
D = 72.258517 
E = -141.73939 
Maximum error is .00046973670 
*************************************************************** 
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Table 8. Data For K X I - Mode II Stress Intensity Factor - Elliptical 
6 
<n»> 
0.02 
0.04 
0.05 
0.06 
0.07 
s 
(nro) 
0.02 
0.04 
0.05 
0.06 
0.07 
OATA FOR Ho 
a « 2 na 
F C 
(N) CflK*2/N) 
2200 0.000034636 
3700 0.000041189 
4223 0.000045110 
4612 0.000049566 
4380 0.000054651 
MODE I I STRESS INTENSITY FACTOR 
ELLIPTICAL 
a/S 
0.04 
0.096 
0.113 
0,131 
0.147 
a sjl K 
<n> y W (N/nrt) 
2.032 1.425482 2.171981 
4.6768 2.208347 3.652877 
5.7404 2.395913 4.169217 
6.6548 2.579689 4.553262 
7.4676 2.732690 4.817849 
OATA FOR <\\ NODE I I STRESS INTENSITY FACTOR 
a = 5 nm 
F C 
(N) Cimr2/N) 
1761 0.000043270 
3134 0.000048628 
3582 0.000053182 
4000 0.00005715 
4298 0.000062052 
I 
a/S 
0.105 
0.125 
0.141 
0.151 
0.167 
ELLIPTICAL 
a sfi -C 
(ma) y^tnm} (N/rar2) 
5.334 2.309545 1.738572 
6.35 2.519920 3.094086 
7.1628 2.676340 3.536380 
7.6708 2.769620 3.949057 
S.4836 2.912662 4.243261 
Yu «u 
im+yFei > 
4.39 13.59197 
4.41 35.57469 
4.51 45.05076 
4.72 55.44114 
4.75 62.53704 
(MPl^O. ) 
4.41 17.70752 
4.68 36.48926 
4.78 45.24059 
4.76 52.06198 
4.61 56.97585 
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Table 9. Data For KJI - Mode II Stress Intensity Factor - Rectangular 
(ran) 
0.005 
0.01 
0.015 
0.02 
0.025 
DATA FOR K|| -
a « 2 ma 
F C 
(N) (o r2 /N) 
1073 0.000017754 
2036 0.0000187132 
2836 0.0000201516 
3455 0.000022055 
3836 0.0000248306 
HOOE IX 
1 
a/S 
0.032 
0.05 
0.072 
0.093 
0.117 
STRESS INTENSITY FACTOR 
RECTANGULAR 
a yfi§ *> 
( •a) ( • a / 2 (N/aW?) 
1.2736 1.128538 1.059334 
1.99 1.410673 2.010070 
2.8656 1.692808 2.799681 
3.7014 1.923902 3.410996 
4.6566 2.157915 3.787145 
Yn *n 
(MPs /aT ) 
4.01 4.793956 
3.65 10.34976 
3.31 15.68828 
3.08 20.21227 
2 . 9 * 24.43530 
DATA FOR K || - NODE II STRESS INTENSITY FACTOR 
a = 5im RECTANGULAR 
r 
(ran) 
0.005 
0.01 
0.015 
0.02 
0.025 
F C 
(N) (imr2/N) 
682 0.0000279326 
1364 0.0000279326 
2040 0.0000280147 
2591 0.0000294095 
3055 0.0000311784 
a/S 
0.146 
0.146 
0.148 
0.156 
0.175 
a yf% <T 
<nn> ( n a ) / a (N/anA2) 
5.8108 2.410560 0.673314 
5.6108 2.410560 1.346628 
5.8904 2.427014 2.014019 
6.2088 2.491746 2.55800t 
6.965 2.639128 3.016092 
Y „ ICU 
( M P a ^ ) 
2.83 4.593272 
2.83 9.186544 
2.82 13.78431 
2.79 17.78315 
2.73 21.73040 
x -
(fTTO) 
0.005 
0.01 
0.015 
0.02 
0.025 
OATA FOR ICj| 
3 » 8 nni 
F C 
(N) (mnTZ/W) 
545 0.0000349541 
1109 0.0000343553 
1682 0.0000339774 
2191 0.0000347786 
2636 0.0000361343 
HOOE I I 
a/S 
0.202 
0.2 
0.2 
0.201 
0.216 
STRESS INTENSITY FACTOR 
RECTANGULAR 
fT tr 
(ma) (tra) /2 (N/anT2) 
8.0396 2.835418 0.538059 
7.96 2.821347 1.094876 
7.96 2.821347 1.660578 
7.9998 2.828391 2.163096 
8.5968 2.932030 2.602428 
*H *IJ 
( M P a / S T ) 
2.59 3.951362 
2.59 8.000576 
2.59 12.13432 
2.59 15.84583 
2.59 19.76273 
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APPENDIX A 
FINITE ELEMENT MODEL 
RECTANGULAR DOUBLE LAP JOINT 
The following illustrates the results of the finite element 
model used to analyze the rectangular double lap adhesive 
joint. 
The element ID'S are tabulated with their corresponding 
normal and shear stresses at the center of the element. 
Figure 19 illustrates the overall section analyzed and the 
various groups of sections (A thru P)• The following 
figures allow one to identify an element and use the 
tabulated element stresses. 
As one can easily see, the stresses (sigma xy) are much 
higher for elements at the joint interfaces than in the 
adherend away from the bond. 
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RECTANGULAR DOUBLE LAP JOINT ELEMENT STRESSES 12/10/90 
.EM 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
SIGMA N 
(PSI) 
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APPENDIX B 
FINITE ELEMENT MODEL 
ELLIPTICAL DOUBLE LAP JOINT 
The following illustrates the results of the finite element 
model used to analyze the elliptical double lap adhesive 
joint. 
The element ID'S for this model were too numerous to 
include in this report but can be obtained by contacting 
the author. However, the plots contained in this appendix 
allow one to identify the critical stress area in the 
adhesive bond layer and compare the stresses by reading the 
accompanying stress plot. The load applied to this model 
was identical to that of the rectangular model. 
One can see that the stresses are highest at the tip of the 
elliptical shape. One can also compare these stresses to 
those of the rectangular specimens and notice that the 
critical stress is approximately three times lower for the 
elliptical double lap joint. 
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